Purpose Although injury to the collateral ligaments of the metacarpophalangeal joint (MPJ) of the fingers is less common than corresponding injuries in the thumb, similar disability may result from chronic untreated injuries. We evaluated injury characteristics and the outcome after primary repair of subacute to chronic grade III collateral ligament injuries of the MPJs of the fingers. Methods We retrospectively reviewed all patients who underwent primary repair of a finger MPJ collateral ligament over a 3-year period. Twenty-five digits in 23 patients with subacute to chronic injuries were identified, all of which had complete MPJ collateral ligament tear. Postoperatively, we assessed disability using DASH scores and evaluated joint stability, range of motion, and grip strength. These measures were compared to preoperative data to assess results. Post hoc analysis was used to compare the level of disability between index and small radial collateral ligaments and other finger CL injuries. Results Intraoperative findings revealed complete tears in all cases and all ligaments were of sufficient quality to permit primary repair using a suture anchor. The average preoperative DASH score was 40 (range 17-77) in 7 patients (nine fingers) where this was available. Postoperative DASH scores were available in 19 patients (21 fingers). The average postoperative DASH score was 19 (range 0-65). In the subgroup of patients with preoperative and postoperative DASH scores, there was no statistically significant difference after surgery (preop DASH 39.1 vs. postop DASH 23.8, p =0.17). The average grip strength as a percentage of the contralateral hand was 68 % (range 32-100 %). The average postoperative MPJ arc of motion was 75°(range 50-90°). Post hoc analysis showed statistically significant higher postoperative DASH scores among small finger RCL repairs compared to other finger CL repairs (p =0.007). Discussion Primary repair of complete MPJ collateral ligament injuries of the fingers may be performed in the subacute to chronic setting. Although joint stability was restored, patients continued to have decreased grip strength and residual disability.
Introduction
Injuries to the collateral ligaments of the metacarpophalangeal joints (MPJ) of the fingers are reported to occur with less frequency than their counterparts in the thumb. It has been reported that 1 in 1,000 hand injuries involve MPJ collateral ligaments; 39 % of these involve the fingers and the remainder involve the thumb [6] . It may be the true incidence is underreported or under-recognized [17] . Partial ligament injuries can be treated nonoperatively and managed successfully with a period of immobilization [10] . However, there is little data to guide the management of complete tears, with most reports focusing on the radial collateral ligament (RCL) of the index finger. When nonoperative treatment of complete tears is unsuccessful and symptomatic, patients may require surgical treatment.
Chronic injuries to the collateral ligament are defined as presenting after 4-6 weeks from the time of injury, or those that fail treatment with immobilization after a similar timeframe [10, 16, 21] . Patients may demonstrate persistent instability and choose to bypass the injured digit, especially in radial collateral ligament injuries of the index finger [10] . Direct repair can be used for surgical treatment of chronic collateral ligament injuries if the ligament is of sufficient quality. In this circumstance, and when the ligament has avulsed from its origin or insertion, repair is commonly performed with a suture anchor [1, 10, 16] . If the ligament cannot be repaired primarily, reconstruction with autograft can be performed [21] . The outcomes of surgical treatment of chronic injuries are varied, with some authors achieving good outcomes with either repair or reconstruction [8, 16, 21] and others reporting persistent stiffness or requirement for MPJ fusion [10] .
The purpose of this study is to evaluate the characteristics of finger collateral ligament injuries and report on the results of primary repair of collateral ligament tears in patients with subacute to chronic injuries.
Methods

Patients
All consecutive patients who underwent surgical repair of a finger MPJ collateral ligament tear between January 2010 and December 2012 were identified by review of the senior author's case logs. Primary repair of the collateral ligament was the preferred intervention because of the senior author's experience that the remnant collateral ligament always remains despite chronic injury. Patients who failed a period of at least 4 weeks of immobilization with casting or splinting and remained symptomatic were treated surgically and were included in the study. Those with associated avulsion fractures were excluded because we felt that bone-to-bone healing represents a different clinical scenario than ligament to bone healing. Information including patient demographics (such as patient age and gender), injury mechanism, hand dominance, preoperative disability of the arm, shoulder, and hand (DASH) scores, results of magnetic resonance imaging (MRI) of the affected digit, and time to surgery were obtained (Table 1) . Preoperative radiographs were reviewed to determine the presence or absence of a collateral ligament avulsion fracture. Postoperative outcome measures included joint stability, DASH outcome measure scores, MPJ range of motion, and grip strength compared to the contralateral hand ( Table 2) .
A total of 23 patients (9 male, 14 female) sustaining injury to 25 fingers underwent primary repair of subacute to chronic finger MCP collateral ligament injury after failing nonoperative treatment. The diagnosis of MPJ collateral ligament tear was based upon patient history and physical exam demonstrating laxity or instability of finger MPJ when held in 60°of flexion and stressed compared with the contralateral hand, as described by Kang et al. [16] . Pain or tenderness to palpation on the side of collateral ligament injury was present in 22 patients (24 fingers). Radiographs of the hand in some cases demonstrated static MPJ instability and joint incongruity, although this was not required for the diagnosis of MPJ collateral ligament injury, (Fig. 1 ). Non-contrast MRI was obtained of the affected digit to confirm the diagnosis of MPJ collateral ligament tear in most cases (Fig. 2 ). For 22 digits in 20 patients, MRI of the affected hand was obtained at the discretion of the senior author. In the remaining three digits in three patients, either gross instability was present and MRI was not deemed necessary for the diagnosis of complete MPJ collateral ligament tear or the patient was unable to undergo MRI testing. Similar to Kang et al., indications for surgery included persistent discomfort and laxity at the MPJ after a trial of immobilization or in the absence of pain, and evidence of symptomatic finger MPJ instability [16] .
Injury Characteristics
The average patient age was 47 years (range 17-67 years) ( Table 1 ). The mechanism of injury involved hitting the hand against a fixed object for six fingers, fall onto outstretched hand for seven fingers, ball sports for six fingers, motor vehicle accident for three fingers, and was unknown for three fingers. Six of the 23 patients were involved in worker's compensation claims. The dominant hand was involved in 20 of 25 (80 %) finger injuries. The average time from injury to surgery was 14 weeks (range 6-52 weeks). The most commonly injured ligaments involved the border digits (index finger and small finger), which represented 60 % of injuries ( Table 1 ). The average preoperative DASH score was 40 (range 17-77) in the seven patients (nine fingers) where this was available ( Table 2) .
Surgical Outcomes
A postoperative DASH score was available for six of the seven patients who had a preoperative DASH score. This subgroup of six patients (eight fingers) was utilized to determine the effect of surgery on patient DASH score using a paired Student t test. Patient demographics and postoperative DASH scores in the subgroup of patients with preoperative and postoperative DASH scores was compared to the 13 patients in whom only postoperative DASH scores were available to determine if the subgroup was representative of the entire cohort of patients. Unpaired t test was used to compare continuous data such as age, time from injury to surgery, and postoperative DASH scores. Fisher's exact test was used to analyze the noncontinuous data such as patient gender and type of injury.
Disability of Index and Small RCL Injuries Compared to Other Finger CL
The small finger RCL is potentially subjected to increased ulnar-directed stress as a border digit without a buttressing digit. The index finger RCL is also similarly subjected to increased ulnar-directed stress due to its role in providing stability of the index finger MPJ during pinch grip. We performed post hoc analysis of postoperative DASH scores with unpaired t test to determine if statistically significant differences were observed between these at-risk CL repairs and other CL repairs. At-risk CL injuries were defined as the RCL of the index and small fingers. Other CL injuries were defined as the RCL or UCL of the long and ring finger as well as the UCL of the index and small fingers. The two patients with double-digit injuries were excluded from this comparison to maintain injury homogeneity. We separately compared postoperative DASH scores between index RCL and other CL injuries and small RCL and other CL injuries.
Surgical Technique
All surgical procedures were performed by one surgeon, under sedation and local anesthesia. A longitudinal dorsal skin incision was utilized over the MPJ. A longitudinal incision bisecting the extensor tendon was made, providing access to the dorsal joint capsule. The dorsal joint capsule was incised longitudinally, revealing the metacarpal head and base of the proximal phalanx. The avulsed collateral ligament was identified, assessed, and confirmed to be amenable to direct repair. The collateral ligament avulsion site was identified and pre-drilled with a 2.1-mm drill, followed by placement of a suture anchor (MiTek Worldwide Inc., Norwood, MA). The avulsed end of the collateral ligament was then secured using the anchor with the joint held in 60°of flexion. Restoration of joint stability was confirmed intraoperatively by stressing the repaired ligament. The longitudinal incision on the tendon was not repaired to decrease scar tissue formation. The joint capsule and skin MVA motor vehicle accident, RCL radial collateral ligament, UCL ulnar collateral ligament, CL collateral ligament, P1 proximal phalanx, MC metacarpal, DASH disabilities of arm, shoulder, and hand, WC worker's compensation were closed in standard fashion and the patient was placed in a splint with the MPJ immobilized in 80-90°o f flexion and the interphalangeal joints in extension.
The affected joint was immobilized for a total period of 4 weeks. Range of motion exercises were initiated 4 weeks after surgery under the supervision of the hand therapist. In 14 patients (16 fingers), the average postoperative grip strength was available and found to be 68 % (range 32-100 %) of the contralateral hand. In the 18 patients (20 fingers) where postoperative metacarpophalangeal joint range of motion was available, the average extension lag was 5°(range 0-20) and the average flexion was 80°( range 65-90°). Postoperative metacarpophalangeal joint arc of motion averaged 75°(range 50-90°). In 14 patients (16 fingers), the average distance from fingertip to distal palmar crease was 1 cm (range 0-2 cm).
The average postoperative DASH scores in index finger RCL, small finger RCL, and other finger CL repairs were 21.7 (range 1.7-45), 35.3 (range 10-65), and 6.5 (range 0-20), respectively. Post hoc analysis with unpaired t test showed that the difference in postoperative DASH scores between small RCL and other finger CL repairs was statistically significant (p =0.007). The difference in postoperative DASH scores between index finger RCL and other finger CL repairs was not statistically significant (p =0.08).
Discussion
Injury to the collateral ligaments of the MPJ in the fingers is less common than similar injuries to the thumb. It may be, in part, that these injuries are underreported. In fact, Delaere et al. reported that 1 in 1,000 injuries to the hand included MPJ collateral ligament injuries, and 39 % of these involved the fingers [6] . Treatment of collateral ligament disruptions is based upon injury severity and acuity. Grades I and II ligament injuries, indicated by no joint laxity or laxity with a firm endpoint, respectively, may be treated nonoperatively with joint immobilization in 30-50°of flexion for a period of 3-6 weeks [10, 15, 18] . The treatment algorithm for grade III (complete) collateral ligament tears, where there is no endpoint, is not as well defined in the fingers as in the thumb. Most authors recommend surgical intervention, especially for the RCL of the index finger or in the setting of significant joint instability [8-10, 16, 23] . If there is significant arthrosis, repair or reconstruction is not indicated and joint fusion is appropriate [10] .
The outcomes after repair of finger collateral ligament injuries in the acute setting have been good [6, 8, 10, 16] . However, the results of primary repair of chronic injuries are mixed. Some authors have reported good function despite a delay in treatment [8, 16, 23] while others have noted that repair or reconstruction in the chronic setting can fail, necessitating salvage with MCP arthrodesis [10] .
In a series of 14 index finger RCL tears with varying severity of injury and delay in presentation, Gaston et al. reported that patients with delayed presentation had fair to Fig. 2 a Axial and b coronal images of T2-weighted MRI demonstrating increased signal intensity in the ring finger RCL at its insertion on the proximal phalanx, consistent with disruption of the RCL. Arrows depicting regions of increased signal intensity poor results, with half of the surgically treated patients requiring revision to MPJ fusion [10] . These authors advocated early repair of grade III injuries but were unable to recommend repair or reconstruction for chronic injuries. Nonoperative treatment was sufficient in four low-demand patients, although these patients were noted to bypass their injured finger. In contrast, Kang et al. reported on 12 patients with repair of acute or chronic injuries of the RCL of the index finger and found all of their patients reported resolution of pain and had a stable joint [16] . These authors concluded that repair of index finger RCL injuries is possible, even in patients with a delayed presentation. Riederer et al. reported long-term results in the largest series of collateral ligament reconstructions for chronic tears in the fingers [21] . An anatomic reconstruction was performed with use of palmaris longus or other tendon autograft. At an average 8-year follow-up, 14 of 20 (70 %) fingers were "absolutely stable," and overall function in 80 % of fingers were graded as good or excellent, highlighting that ligament reconstruction may be a viable alternative in the setting of chronic irreparable collateral ligament injuries.
While the distribution of collateral ligament injuries among the fingers is not well known, the index finger and small finger RCL have received the greatest attention, perhaps because they are more symptomatic than other collateral ligament injuries [8, 10, 16, 21, 27] . Complete injury to the RCL of the index finger can be persistently symptomatic because of its crucial role in providing stability for key pinch [8, 10] . The small finger can remain symptomatic because of its location as a border digit, it is subject to extrinsic ulnar-directed forces, and lacks an adjacent digit to serve as a buttress. In addition, the combined pull of the abductor digiti quinti and flexor digit minimi are thought to contribute to the persistence of symptoms after RCL injury in the small finger [27] . We found higher statistically significant postoperative disability in small finger RCL repairs compared with central digit CL repairs.
In our series, primary repair of the collateral ligament was possible in all cases. The torn ligament was of sufficient quality to restore joint stability after repair with a mini suture anchor, even in patients as far out as 1 year from injury. Although our patients demonstrated improvement in terms of DASH score, this difference was not statistically significant. Many patients had residual disability as measured by postoperative DASH score, and decreased grip strength compared to the contralateral hand.
Surgical treatment of complete collateral ligament tears of the thumb MPJ is recommended in the acute setting because results are uniformly favorable [3, 7, 11, 24, 25] . In the chronic setting, however, treatment results are less consistent [2, 12] . While still not entirely predictable, in the chronic setting, static ligamentous reconstruction or dynamic tendon transfer seem to have greater success than primary repair [4, 5, 12, 19, 22, 24] . Similarly, we found that the outcomes after repair of chronic finger MPJ collateral ligament tears were poor. While repair did restore stability to the joint intraoperatively and postoperatively, this did not translate to favorable results. If the clinical scenario is analogous to that of the thumb, then perhaps ligament reconstruction may have led to improved outcomes. On the other hand, since the postoperative problems related primarily to pain and decreased ROM rather than instability, it is also possible that results of reconstruction would be similarly disappointing.
In contrast to the thumb, where MRI has been shown to be accurate in diagnosing collateral ligament injuries [13, 14, 20] , we found that MRI was poor in assessing the extent of injury to the collateral ligaments of the finger MPJs. In the eight cases where MRI was negative for a complete tear, persistent patient symptoms, functional disability, and clinical findings of ligamentous laxity consistent with complete collateral ligament disruption led to surgical intervention. These patients were confirmed intraoperatively to have complete ligament tears. This finding suggests that physical examination may play a greater role in diagnosing these injuries than imaging studies. Although not utilized in our patients, MRI arthrogram has been shown to be more sensitive than non-contrast MRI for detection of finger collateral ligament injuries in a cadaveric study and this may have increased the diagnostic accuracy [26] .
Limitations of our study include the retrospective nature of our review and that we did not compare our outcomes with a similar cohort of patients treated nonoperatively or with ligament reconstruction. Another significant limitation is that preoperative and postoperative data such as DASH score, MPJ range of motion, and grip strength were not available on all patients. We may have had a selection bias, in that for the purposes of the study we identified patients who were treated surgically but did not evaluate patients who were successfully treated nonoperatively. This may have selected for a cohort of patients with more severe injuries.
Based upon our experience, we conclude that complete disruptions of finger MPJ collateral ligaments can lead to persistent symptoms and disability. Surgeons should remain vigilant about this injury and surgical repair of complete tears in the acute setting, much like in the thumb, may be appropriate to optimize results. However, further studies are required to better define the role of acute surgical intervention in these injuries. Patients who present in the chronic setting can be offered a trial of nonoperative management, but symptoms often persist. Results after repair of these injuries are variable and may be dependent upon which finger is injured. Further studies are necessary to determine if alternative surgical options such as ligament reconstruction can improve outcomes in subacute and chronic finger MPJ collateral ligament injuries.
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